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i. REDUCED GRAVITY SIMULATOR FOR STUDIES OF MAN'S M O B I L I T Y  

I N  SPACE AND ON THE MOON 

By Donald E. Hewes 

I NASA Langley Research Center 

INTRODUCTION 

Due t o  the urgent nature of our national space program and the many unknown 
face ts  of man operating i n  space, there  have been m y  pa ra l l e l  e f f o r t s  carr ied 
out i n  recent years t o  develop methods f o r  duplicating the environmental charac- 
t e r i s t i c s  of space here on ear th  under controlled laboratory conditions. Many 
of these e f f o r t s  have been f rui t ful  and provided a spectrum of simulation facil- 
i t ies,  each with unique performance character is t ics  and l imitations.  The pur- 
pose of t h i s  paper i s  t o  describe b r i e f l y  the d i f fe ren t  f a c i l i t i e s  develaped by 
the  Spacecraft Research Branch of the Langley Research Center t o  study spec i f i -  
ca l ly  the  problems of man's mobility i n  space. 
ta ining t o  any place outside the atmospheric v e i l  of our planet; thus, we are 
concerned with s i tuat ions ranging from man wallring inside an orbi t ing space 
laboratory, t o  man landing a vehicle on t h e  moon, or t o  man carrying heavy 
loads across the Martian te r ra in .  I w i l l  attempt t o  discuss b r i e f l y  the pr inci-  
p a l  features  of the three current specialized reduced-gravity simulators, t o  
out l ine current research objectives, and t o  i l l u s t r a t e  some typica l  test results 
performed i n  two of t he  f a c i l i t i e s .  

W e  speak here of space as per- 

I DISCUSSION OF FACILITIES AND RESEARCH OBJECTrVES 

The simplest of the three sixuulators i s  the  one commonly referred t o  as the 
lunar-walking simulator because it was developed spec i f ica l ly  t o  study the  prob- 
lem of studying man's self-locomotive a b i l i t y  on the  moon. 
other applications of this f a c i l i t y  which will be mentioned momentarily. 

There are, however, 
I 

This simulator produces the  gravi ta t ional  equivalent of the moon, o r  any 
other  place where the gravi ta t ional  f i e l d  i s  less than tha t  of earth, by sus- 
pending t h e  subject, as shown i n  figure 1, on h i s  s ide so tha t  he is f r e e  t o  
generate body locomotive movenents i n  a plane inclined with respect t o  earth's 
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at about 80.5O relative t o  the ve r t i ca l  direction, so as t o  encounter a compo- 
nent equal t o  one-sixth of the  gravity vector. 
sion i s  provided by a series of s l ings and cables attached t o  a lightweight 
t r o l l e y  which t r ave l s  f r e e l y  along an overhead track. This t rack runs p a r a l l e l  
with a walkway that i s  inclined 9.50 f rom the v e r t i c a l  and serves as the  ground 
plane over which the subject t ravels .  
ea r th  gravi ty  are simulated merely by displacing the walkway pa ra l l e l  t o  t he  
t rack  so as t o  change the  incl inat ion of the subject and support cables t o  the  
appropriate angle. 

gravity vector. In -the oI- si&tea lLU,=. @-a-".Lty, LL- L-d-- ---..LA-" -*-*A 

A s  shown i n  f igure 2, suspen- 

Other gravi ta t ional  f i e l d s  less than 

O f  course, the  inclination of the  walkway would a l so  be 
i adjusted t o  match. To simulate the condition of weightlessness, the  walkway 



would be moved d i rec t ly  under the track so that the cables a re  ve r t i ca l  ar@ the 
s12h j e r t. hor i z on t a1 . 

Long cables of about 150 f e e t  permit the subject t o  jump t o  maximum 
heights, up t o  about 12 fee t ,  with only a slight dis tor t ion of the simulated 
gravity. This dis tor t ion i s  caused by the changing incl inat ion angle of the 
cables as the subject swings out from the walkway. Corrections can be applied 
eas i ly  to  the t e s t  resul ts ,  when necessary, t o  compensate f o r  the smal l  gravity 
dis tor t ion present. 
f r i c t i o n  bearings, and, consequently, imposes a negligible r e s t r a in t  on the 
subject as he moves along the walkway. 

The lightweight t ro l l ey  i s  unpowered and employs low 

Operation of the f a c i l i t y  i s  simple and i s  best  demonstrated by the fo l -  
lowing motion-picture scenes which i l l u s t r a t e  a t e s t  subject walking, loping, 
and sprinting i n  the simulator adjusted t o  produce lunar gravity. 
a re  taken with a telephoto-camera mounted on the overhead gantry structure which 
supports the  t ro l l ey  track. The camera i s  pointed downward and operated by a 
cameraman so as t o  keep the subject within the f i e l d  of view of the camera as 
he f i r s t  w a l k s ,  lopes, and then runs. 

The pictures  

Objectives of the current research program f o r  t h i s  f a c i l i t y  are  t o  evalu- 
a t e  performance of the lunar explorers both with and without t h e i r  space s u i t s  
while carrying various s izes  of equipment loads. An additional program i s  being 
in i t i a t ed  t o  explore the use of back-pack type of rocket propulsion uni t s  t o  
assist t ravelers  over lunar t e r r a in  obstacles and t o  extend the t r ave le r ' s  range 
of operation. 

Figure 3 summarizes some typical  t e s t  r e su l t s  where the average variations 
of s t r ide  and stepping r a t e  of three t e s t  subjects with speed of locomotion are 
shown for  the simulated lunar gravity and a re  compared with those f o r  the same 
three subjects performing i n  ear th  gravity. 
wearing lightweight coveralls, rubber soled shoes, and a helmet. The Compari- 
son shows some signif icant  differences between lunar and ear th  locomotion. For 
instance, both maximum lunar walking and running speeds were about 60 percent 
of the corresponding ear th  rates;  also, f o r  a given speed, the lunar s t r ide  w a s  
generally greater and the stepping r a t e  w a s  l e s s  than  their  ear th  counterparts. 
These data, along w i t h  the t e s t  subjects '  comments, indicate that the e f for t  
involved i n  lunar ac t iv i ty  i s  s ignif icant ly  l e s s  than tha t  required f o r  corre- 
sponding ac t iv i ty  on earth. 

These t e s t s  were performed while 

In  a subsequent paper, D r .  Walter Kuehnegger of the Northrop Space 
Laboratories w i l l  discuss fur ther  work under a NASA study contract u t i l i z ing  a 
similar f a c i l i t y  directed toward obtaining accurate metabolic, biomechanical, 
and other physiological data pertaining t o  lunar locomotion. Preliminary 
information from t h i s  work tends t o  substant ia te  the present t e s t  resul ts .  

The second type f a c i l i t y  i n  use at  Langley i s  a ro ta t ing  space s ta t ion  
simulator which employs a modification of the lunar-walking technique. 
of man's a b i l i t y  t o  walk and work ef fec t ive ly  i n  the  environmental conditions 
of a space s ta t ion rotat ing t o  produce a r t i f i c i a l  gravi ty  are currently under 
way. 

Studies 
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The setup of the  sirmrlator i s  i l l u s t r a t ed  i n  the photograph of figure 4. 
F i r s t ,  t o  produce the condition of weightlessness i n  space, the  subject i s  
sypported i n  the  same manner as previously discussed except that he i s  inclined 
on his side at  90' from the  ve r t i ca l  so that a l l  body members move at  r i g h t  
angles t o  ea r th ' s  gravity vector. 
that follows the  subject, so that he i s  f ree  t o  walk around on the inner periph- 
ery of the c i rcu lar  walkway. Secondly, t he  condition of rotat ion i s  produced by 
an adjustable speed drive motor which r o t a t e s  the platform on which the  walkway 
and support boom are mounted. 

The overhead t r o l l e y  i s  mounted on a boom 

U s e  of t h i s  f a c i l i t y  i s  directed toward studying two aspects of space sta- 
t ion  operations. 
which arise from the  combination of angular motions about different  axes 
resu l t ing  from work ac t iv i ty .  
sensors of the ears t o  generate d is tor t ing  and nauseating reactions under some 
conditions. The objective of the resemch e f fo r t  i s  t o  determine the  effects 
of s t a t ion  diameter and ro ta t iona l  rate on threshold limits of the combined 
motions which generate the d i f f i cu l t i e s .  Secondly, studies are being carr ied 
out t o  evaluate the  e f f ec t s  of s t a t ion  diameter, ro ta t iona l  ra tes ,  and various 
s t a t ion  design features  on the  a b i l i t y  of the inhabitants t o  move from one por- 
t i on  of the  s ta t ion  t o  another. The various design features  include the  use of 
stairs, ramps, ladders, poles, and hand grips. 

F i r s t  i s  the  evaluation of problems of vestibular disturbances 

These combined motions cause the ves t ibu lm 

The t h i r d  simulator operated by the Spacecraft Research Branch i s  t h e  
lunar landing research f a c i l i t y ,  shown i n  figure 5, used t o  study the  problems 
of f ly ing  a vehicle i n  lunar gravity and Landing on the surface of the  moon. 
For these s tudies  a fu l l - sca le  operational vehicle, similar t o  the  A p l l o  Lunar 
Excursion Module or  LEN, i s  flown by experienced research tes t  p i l o t s  and astro-  
nauts under conditions of simulated lunar gravity. Simulation of lunar gravity 
i s  achieved by employing an overhead partial-suspension system which provides a 
l i f t i n g  force by means of cables acting through the  vehicle 's  center of gravi ty  
so as t o  e f fec t ive ly  cancel all but  one-sixth of ear th ' s  gravi ta t ional  force. 
"he l i f t i n g  force and ve r t i ca l  alignment of the  cables are controlled automati- 
ca l ly  through the action of servo-controlled hydraulic drive systems which p o w e r  
t he  overhead t ravel ing bridge crane and dolly uni t  mounted on the la rge  gantry 
structure.  
slung dol ly  follows i n  the  cross-range direction. 

The bridge follows down-range motion of t he  vehicle, and the  under- 

The cables are attached t o  the  vehicle by means of a gimbal system which 

This system consists of a swiveled-truss assembly d i r ec t ly  over 
v e L b J . c u i  tibl-UClb 8bbUcnt-u tc thz Yshizlz G i i  its pitch sX5s. 

provides freedom of motion i n  pitch, r o l l ,  and yaw, as shown i n  t h e  photograph 
of figure 6. 
bile Gau ZiJlu. b W U  

Load c e l l s  are carr ied i n  the  ve r t i ca l  s t r u t s  t o  sense cable force f o r  t he  l i f t  
servo system, and cable angle sensors are mounted on the bottom of the  dol ly  t o  
provide e r ro r  feedback signals f o r  the  bridge and dol ly  servo drive systems. 
Automatic braking equipment b u i l t  i n to  the  servo dr ive un i t s  provides an extra 
safe ty  fea ture  unique t o  the  par t icu lar  f a c i l i t y .  A n  aerial photograph of the  
f a c i l i t y  i s  shown i n  figure 7 t o  i l l u s t r a t e  the  large s ize  of the  s t ructure  
which can be  compared with automobiles parked beside the operations building 
near the  s t ructure .  The f l i g h t  vehicle i s  on the  ground beneath the  bridge- 
crane u n i t  at the  l e f t .  
i n  a space of about 180 feet high, by $0 fee t  long, and 42 feet wide. This 
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The s t ructure  i s  240 feet high and the  vehicle can fly 
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space i s  adequate fo r  evaluating the  vehicle handling character is t ics  f o r ' f l i g h t  ---- ,,tal CL,. uLLL >mar surface and f o r  touchdwT. 

The vehicle, shown next i n  figure 8, w a s  constructed with many pieces of 
off-the-shelf equipment, such as the  H-13 helicopter cabin and the  H-34 landing- 
gear shock s t ru ts ,  SO as t o  f a c i l i t a t e  design, construction, and maintenance of 
the vehicle. 
supplies 90 percent hydrogen peroxide t o  the  main l i f t i n g  rocket motor assembly 
and t h e  20 a t t i t ude  rocket motors located around the  periphery of the vehicle 
frame. The cab has provisions f o r  two t e s t  p i lo t s ,  each with a complete set of 
controls. A common instrument panel i s  mounted between the  two p i lo t s ,  as shown 
i n  figure 9. Atti tude controls at  the  right-hand seat  consist  of a set  of 
standard foot  pedals f o r  yaw control and two-axis side-arm controller,  of the  
penci l  type, used f o r  p i tch  and r o l l  control. The left-hand seat  i s  provided 
with a three-axis side-arm control ler  similar t o  the  one intended fo r  ac tua l  LEM 
use. Thrust of the  main engines i s  controlled by e i the r  p i l o t  with t h e i r  l e f t  
hand using the col lect ive pi tch levers. Weight of the vehicle i s  12,000 pounds, 
of which about 3300 pounds i s  hydrogen peroxide fuel ,  giving a f l i g h t  duration 
of s l igh t ly  less than 3 minutes. 

Nitrogen gas i s  used f o r  pressurizing the f u e l  system which 

The objective of current research program employing t h i s  simulator i s  t o  
evaluate the  p i l o t  handling-qualities c r i t e r i a  f o r  manned lunar f l i g h t  vehicles 
and determine the e f fec ts  of various vehicle design and operational factors ,  
such as out-of-the-window v i s i b i l i t y  and sharing of p i lo t ing  tasks  and responsi- 
b i l i t i e s .  
Module and i s  a l so  aimed a t  providing basic  information f o r  second generation 
projects  l i k e l y  t o  follow the Apollo mission. The present vehicle, which w a s  
designed and b u i l t  a t  l e a s t  1 year before the  LEM concept became an approved 
program, bears a close family resemblance t o  the  I;EM arrangement, as i l l u s t r a t e d  
i n  the  sketch of figure 10, and duplicates many of t he  per t inent  LEM system 
character is t ics .  However, so as t o  provide an even closer  simulation, s teps  are 
currently under way t o  revise  the  vehicle t o  include an exact rep l ica  of the  
in t e r io r  arrangement of t he  LEM cab. Subsequently, major modifications t o  the  
vehicle w i l l  be made so as t o  evaluate various other possible configurations f o r  
a second generation type vehicle. By making only minor adjustments i n  the servo 
system electronics, t h i s  f a c i l i t y  can be adapted t o  study similar type problems 
f o r  t he  conditions of space f l i g h t  and landing on other planets such as Mars. 

This e f fo r t  i s  being applied d i r ec t ly  t o  the Apollo Lunar Excursion 

Preliminary r e su l t s  from the  current f l i g h t - t e s t  program, which has pro- 
vided over 37 f l i g h t s  with a t o t a l  t i m e  i n  simulated lunar gravity of about 
2 hours, show tha t  the  vehicle can be controlled and landed safely with charac- 
t e r i s t i c s  matching those of the  LEM vehicle. These i n i t i a l  f l i g h t s  have been 
performed using Langley research tes t  p i l o t s  and t h e  current program includes 
the  use of the astronauts t o  provide a d i r ec t  input of t h e i r  experience and 
background f o r  t h i s  program, as w e l l  as t o  provide them with some rea l i s t ic - type  
lunar f l i g h t  experience p r io r  t o  t h e i r  ac tua l  lunar mission. 
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SUMMARY 

In summary, we have reviewed three unique reduced-gravity simulators 
currently in use at the Langley Research Center and discussed briefly their 
application. It must be remembered that these facilities were built to study 
particular problems but as these problems are resolved the features and modes 
of operation of the facilities most likely will be altered so as to &e them 
useful tools for studying new and as yet unforeseen problems we w i l l  be encoun- 
tering as,we continue in our quest of space. 
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Figure 8.- Photograph o f  t he  research vehicle.  
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